ABSTRACT
INTRODUCTION
In recent years, world population (both occupationally exposed workers and members of the public) exposure to ionizing radiation due to medical activities has increased sharply. Among the occupationally exposed workers in these fields, those most affected by this increased exposure to ionizing radiation are nuclear medicine workers, who, in their daily activities, need to manipulate a wide variety of unsealed radioactive sources, including patients, both for diagnostic and therapeutic purposes, resulting in a significant risk of internal radiation exposure. Nuclear medicine practices involve the handling of a wide range of radionuclides for diagnostic and therapeutic purposes. Due to the unsealed nature of the radioactive sources in nuclear medicine, nuclear medicine activities carry the potential risk of both external and internal radiation hazards. The use of ionizing radiation in medical imaging has increased and led to the remarkable increase of collective effective dose to the population. In the period covered by the 2008 UNSCEAR Report, the annual collective effective dose to the world population due to diagnostic nuclear medicine examinations is estimated to be 202,000 man Sv (1). The trend in the annual collective effective dose from diagnostic nuclear medicine examinations over the last three UNSCEAR surveys is shown in Figure. There has been an increase in collective dose of nearly 50,000 man Sv, a rise of just over a third since the last report. According to the UNSCEAR report (1), the dose distribution of diagnostic imaging procedures is shown in Figure 2 . From the Figure. 2, it is evident that the nuclear 51 medicine diagnostic imaging has a 7% contribution in the ionizing radiation population exposure. improve the monitoring of workers for potential or real intakes of radionuclides for internal dosimetry purpose. In 1999, the International Atomic Energy Agency (IAEA) published a safety guide, which aims at providing a set of criteria to be taken into account in order to determine the need, or not, for an internal monitoring program. Although this publication is not specific to nuclear medicine, recent studies and publications have applied these criteria to assess risk in nuclear medicine practices in some countries. The aim of this work is to describe an application of the mathematical criteria recommended by the IAEA to determine whether an internal dosimetry program is needed or not for radiation occupational works in nuclear medicine practices in Bangladesh.
METHODS
In order to evaluate the internal radiation risks involved in nuclear medicine practices in Bangladesh, a simplified mathematical relation is proposed based on the IAEA criteria IAEA. The criteria recommended by the IAEA to assess the need for internal dosimetry is based on the calculation of the decision factor (di), which takes into consideration safety factors related to the complexity of the task, handling conditions of the radioactive material, as well as the physical and chemical properties of the nuclide. IAEA criteria consider internal radiation dosimetry is necessary whenever the value of dj is above 1 m Sv.
The specific radionuclide 'decision factor' di for a specific practice is calculated based on the IAEA formula with some additional correction factors as given in the following expression:
where, for each radionuclide j, Aj is the average annual activity handled by the worker, e(g)jinh is the dose coefficient for inhalation of 5-mm aerosols by workers (given in Sv/Bq), f(fs)j is a physical form safety factor based on the physical and chemical properties of the handled material, f(hs)j is a handling safety weighing factor, which accounts for the operations taken to handle radionuclide 'j', f(ps)j is a protection safety weighing factor, which accounts for the safety precautions taken while handling radionuclide 'j' and 0.001 is a conversion factor from Sv to mSv, fworkload is the fraction of time involved in a particular task by the worker in the scenario, fhanled_activity is the fraction of handled activity by the worker in a scenario considering that in real practice each worker, according to his responsibilities, and fintake is the fraction of the handled activity that could be incorporated by the worker through aerolization or volatization. The values of the parameters fhs and fps used in this work for the calculation of dj and Amax were chosen in order to represent the radiation protection requirements for nuclear medicine facilities. The values of e(g)jinh used in the calculations of d j are based on bio-kinetic and dosimetric models released by the ICRP (2) and have been generated by the software RIDA (14) . Based on the above mentioned information, the criteria analysis was performed by using excel program to assess the need for internal radiation dosimetry in nuclear medicine practices in Bangladesh. Table 1 presents the typical handled radionuclides as well as the dose coefficients for each radionuclide for inhalation of 5-mm activity median aerodynamic diameter aerosol by workers, chosen based on the chemical form in which it is used in nuclear medicine procedures. The values of annual activities of each radionuclide used in the calculations of dj presented in this work were obtained through a survey performed in all nuclear medicine centers in operation in Bangladesh during the year of 2006. Table 1 presents the results of the simulation for calculating the maximum activities (A max ) of each radionuclide of interest from which it is recommended to carry out a routine control of internal exposure of the staff through the implementation of an internal monitoring plan. It can be observed that the dj corresponding to the maximum activities of all common radionuclides are still above 1 m Sv. The handled activity in a year by the worker that could lead to an internal exposure above 1 m Sv according to the proposed modified formula results as shown in Table 1 . This means, for example that 5.41 Ci is the handled activity in a year by a worker that would lead to an internal exposure above 1 m Sv. It may be excessive, since a nuclear medicine service could manipulate iodine-131 in the order of 200 mCi or more per week. Considering the proposed scenario, internal radiation monitoring program should be included in the radiological protection plan, especially when used in therapeutic applications where the quantity of activity administered to each patient is usually several tens of milli-Curies. Table 1 . Amax according for selected radionuclides handled routinely in nuclear medicine practices with activity related to a d j =1 mSv. the IAEA criteria were to be taken into account, these workers should be monitored by in vivo methods, such as whole-body counters or in vitro techniques, such as biological samples such as urine and feces (9) . The licensee of nuclear medicine facility, to the extent practical, must achieve occupational doses that are not only within regulatory limits but also ALARA principle. Licensees must either:
RESULTS AND DISCUSSION
• Monitor external and/or internal occupational radiation exposure; or
• Demonstrate that an unmonitored individual is not likely to receive a radiation dose >10% of the occupational dose limits.
